Abstract
INTRODUCTION
Gastric ulcer is produced by the imbalance between gastroduodenal mucosal defense mechanism and damaging force. Impaired mucosal defense is invoked in ulcer patients with normal levels of gastric acid and pepsin. Patients chronically using non-steroid anti inflammatory drugs (NSAIDs), including aspirin, can be pointed with some assurance at suppression of mucosal prostaglandin synthesis. Cigarette smoking impairs healing and favors recurrence, possibly by suppressing mucosal prostaglandin synthesis. Alcohol is another agent causing gastric mucosal lesion. It rapidly penetrates the gastroduodenal mucosa causing membrane damage, exfoliation of cells and erosion [1] . Corticosteroids at a high dose and repeated use promote ulceration. Personality and psychologic stress are important contribution factors as well [2] . Gastric ulceration results from the imbalance between gastrotoxic agents and protective mechanisms result in acute inflammation. Interleukin-1 beta (IL-1β) and tumor necrosis factor alpha (TNFα) are the major proinflammatory cytokines, playing an important role in production of acute inflammation [3] accompanied with neutrophil infiltration of gastric mucosa [4] . Aloe plants have been used medicinally for centuries. Among them, Aloe barbadensis, commonly called Aloe vera, is one of the most widely used healing plants in the history of mankind [5] . Two distinct preparations of Aloe plants are most used medicinally. The leaf exudate (aloe) is used as a laxative and the mucilaginous gel (Aloe vera) extracted from the leaf parenchyma is used as a remedy against a variety of skin disorders [6] . Aloe leaf exudate also possesses antidiabetic [7] and cardiac stimulatory activity [8] .
Aloe vera is one of the few substances known to effectively decrease inflammation and promote wound healing [9, 10] . Aloe vera gel could promote the healing of burns and other cutaneous injuries and ulcer [11, 12] , thus improving wound healing in a dose-dependent manner and reducing edema and pain [9] .
Aloe vera gel has been demonstrated to protect human beings [13] [14] [15] and rats [16] [17] [18] [19] [20] [21] [22] against gastric ulceration. This antiulcer activity is due to its anti-inflammatory [20] , cytoprotective [16] , healing [20, 23] and mucus stimulatory effects [24] . However, the effects of Aloe vera on gastric microcirculation, inflammatory cytokines in gastric ulcer patients have not yet been reported. Therefore, the aim of this study was to study the effects of Aloe vera and sucralfate on gastric microcirculatory changes, cytokine level and gastric ulcer healing.
MATERIALS AND METHODS

Animal preparation
Male Spraque Dawley rats weighing 200-280 g purchased from the International Animal Research Center, Salaya (n = 48), were used in this study. Group 1 served as control group, group 2 as gastric ulcer group without treatment, groups 3 and 4 as gastric ulcer treatment groups with sucralfate (200 mg/kg/dose, twice daily) and Aloe vera (200 mg/kg/dose, twice daily).
The animals were fasted but allowed only water 12 hours before experiment. On the day of experiment, the animals were weighed and anesthetised with intraperitoneal injection of sodium pentobarbital (50 mg/kg body weight). After tracheostomy, carotid artery and jugular vein were canulated for blood pressure measurement using polygraph and administration of fluorescent marker. The abdominal wall was incised and the stomach was extended and fixed. Then the leukocyte adherence in stomach was observed by in vivo microscopy.
Study of interaction between leukocytes and endothelial cells in postcapillary venule
For visualization of leukocytes, acridine orange was infused intravenously (0.5 mg/kg BW) as previously described [25] . The number of leukocyte adhesions was recorded using video recorder. Videotape of each experiment was played back and then leukocyte adherence was monitored. The leukocytes were markedly adhered to the postcapillary venule (about 15-35 μm in diameter). The location of leukocyte adherence in three areas was observed. Leukocytes were considered adherent to the vessel endothelium if they remained stationary for 30 or longer. Adherent leukocytes were expressed as the mean number of leukocyte adherences per field of view as previously described [26] . Mean number of leukocyte adherences = [the number of (area 1 + area 2 + area 3) cells/field]/3 Determination of serum cytokine levels After the experiment, blood samples were taken by cardiac puncture, allowed to clot for 2 h at room temperature or overnight at 2-8 ℃ before centrifugation for 20 minutes at approximately 2000 r/min. Serum was separated and stored at about -80 ℃ for determining TNF α and IL-10 levels by ELISA kit (Quantikine, R&D systems).
Histological analysis
The stomach was fixed in 10% formalin and embedded in paraffin. Sections were cut at a thickness of 5 μm and stained with hematoxylin and eosin (H&E) as previously described [3] . Histopathological changes and maximum length of gastric ulcer were observed under light microscope with magnification × 20. Histopathological examination was performed by pathologists.
Statistical analysis
Data were expressed as mean ± SE. Statistical analysis was done using one-way analysis of variance and comparision of results between groups was made using post hoc test. P < 0.05 was considered statistically significant.
Ethical considerations
This study was approved by the Ethics Committee of the Faculty of Pharmaceutical Sciences, Chulalongkorn University, Bangkok, Thailand.
RESULTS
Interaction between leukocytes and endothelial cells
After gastric ulcer was induced by administration of 20 % acetic acid, leukocyte adherence to endothelial cells of postcapillary venules (15-35 mm in diameter.) was observed under intravital fluorescence microscopy. The number of leukocytes adhered to postcapillary venules for 30 s or longer was counted per each field of observation. The mean number of leukocyte adherences in the ulcer group without treatment (d1: 13.13 ± 1.19 cells/field; d8: 13.61 ± 1.99 cells/field) was significantly increased compared to the control group (d1: 1.69 ± 0.17 cells/field; d8: 5.53 ± 0.65 cells/field).
On days 1 and 8 after induction of gastric ulcer, the number of leukocyte adherences was significantly decreased both in the ulcer group treated with sucralfate (d1: 3.22± 0.76 cells/field; d8: 3.80 ± 0.79 cells/field) and in the ulcer group treated with Aloe vera (d1: 4.29 ± 0.39 cells/field; d8: 4.46 ± 0.27 cells/field) (P < 0.05) compared to the ulcer group without treatment (d1: 13.13 ± 1.19 cells/field; d8: 13.61 ± 1.99 cells/field). The number of leukocyte adherences in the ulcer group treated with Aloe vera was reduced as the ulcer group treated with sucralfate. The mean ± SE of leukocyte adherences on days 1 and 8 is shown in Table 1 and Figure 1. www.wjgnet.com
Changes of TNF-α and IL-10 levels
After gastric ulcer was induced by administration of 20 % acetic acid, the level of TNF-α (d1: 151.40 ± 26.87 pg/ mL; d8: 280.44 ± 67.02 pg/mL) was significantly higher than that in the control group (d1: 12.51 ± 2.35 pg/mL; d8: 133.50 ± 20.95 pg/mL). However, the level of IL-10 after gastric ulcer was induced by administration of 20 % acetic (d1: 472.66 ± 167.75 pg/mL; d8: 646.60 ± 118.92 pg/mL) was significantly lower than that in control group (d1: 911.46 ± 230.81 pg/mL; d8: 883.98 ± 227.62 pg/mL). The level of TNF-α in ulcer group treated with sucralfate (138.62 ± 47.45 pg/mL) and in ulcer group treated with Aloe vera (153.02 ± 26.90 pg/mL) was higher than that in control group (12.51 ± 2.35 pg/mL) on d 1. On d 8, the level of TNF-α in ulcer group treated with sucralfate (170.21 ± 23.82 pg/mL) and in ulcer group treated with Aloe vera (154.32 ± 43.55 pg/mL) was significantly (P < 0.05) lower than that in ulcer group without treatment (280.44 ± 67.02 pg/mL) and was different from that in control group (133.50 ± 20.95 pg/mL). TNF-α level was reduced in ulcer group treated with Aloe vera as in the ulcer group treated with sucralfate.
Furthermore, the level of IL-10 in ulcer group treated with sucralfate (d1: 1 419.93 ± 359.81 pg/mL; d8: 1 283.64 ± 179.72 pg/mL) and in ulcer group treated with Aloe vera (d1: 1178.13 ± 159.87pg/mL; d8: 984.02 ± 269.26 pg/mL) was higher than that in ulcer group (d1: 472.66 ± 167.75 pg/mL; d8: 646.60 ± 118.92 pg/mL) on days 1 and 8 after induction of gastric ulcer. The mean ± SE of TNF-α and IL-10 levels on d 1 and 8 is shown in Figures 2 and 3 , respectively.
Histopathological changes
After administration of 20 % acetic acid, histopathological examination revealed hemorrhage, congestion and edema in the gastric mucosa with mild to moderate leukocyte infiltration in gastric lesion. Gastric lesions were erosive and ulcerative. Congestion, edema and erosive lesion were found only in control group. Moreover, the mean maximum length of gastric ulcer in ulcer group without treatment (4.17 cm± 0.11 cm) was significantly longer than that in control group (3.25 cm± 0.11 cm) (P < 0.05). On day 8 after induction of gastric ulcer, control group and ulcer group without treatment had still mild congestion and edema, mild leukocyte infiltration and erosive lesion in gastric mucosa. The mean length of gastric ulcer in ulcer group without treatment (3.48 cm± 0.10 cm) was larger than that in control group (3.20 cm± 0.22 cm). On day 1, the mean maximum length of gastric ulcer in ulcer groups treated with sucralfate (3.73 cm ± 0.12 cm) and with Aloe vera (3.60 cm± 0.18 cm) became shorter after treatment when compared to the ulcer group without treatment (4.17 cm ± 0.11 cm). On day 8, the mean maximum length of gastric ulcer in ulcer groups treated with sucralfate (3.33 cm ± 0.11 cm) and Aloe vera (3.43 cm ± 0.10 cm) was slightly reduced with no significant difference after treatment when compared to the ulcer group without treatment (3.48 cm ± 0.10 cm). The mean ± S.E of the maximum length of gastric ulcer is shown in Table 2 .
DISCUSSION
In this study, after gastric ulcer was induced by administration of 20 % acetic acid, gastric inflammation increased leukocyte adherence to the endothelial surface of postcapillary venules and was characterized by the migration of macrophages and PMNs in the ulcer area. The migrated macrophages then released proinflammatory cytokines such as TNF-α and interleukin-1β (IL-1β). Proinflammatory cytokines can up-regulate adhesion molecule expression on endothelial cells and leukocytes [27, 28] and cause leukocyte recruitment [29] . Adhesion molecules on endothelial cells and leukocytes involve rolling, adhesion, and transmigration of leukocytes in gastric inflamed areas. It was reported that increment of PMNs may play an important role in the pathogenesis of NSAIDs-induced gastropathy [30] . On the other hand, NSAIDs may enhance the expression of cell adhesion molecules on the surface of endothelial cells [31] . Adhesion molecules play an important role in the recruitment of leukocytes to inflammation sites, leading to gastric mucosal injury [31, 32] . It was also reported that leukocyte adhesion and/or aggregation can occlude microcirculation, resulting in ischemic mucosal injury [31, 33] . Leukocyte infiltration in gastric mucosa can cause tissue damage leading the ulcerative lesion [34] . In this study, gastric ulcer induced by administration of 20% acetic acid had elevated TNF-α levels, demonstrating that elevated pro-inflammatory cytokine level induces interaction between leukocytes and endothelial cells. It was suggested that 20 % acetic acid could stimulate macrophages to release proinflammatory cytokines. TNF-α can stimulate ICAM-1 expression on vascular endothelial cells. ICAM-1 is an adhesion molecule, which plays a pivotal role in inflammatory reaction by increasing leukocyte adhesion to endothelium and promoting transen-dothelial migration of leukocytes to inflammatory sites [3] . Moreover, it was reported that TNF-α can also stimulate expression of LFA-1 (CD11a/CD18) [35] , an adhesion molecule on leukocytes. This might be the reason why of TNF-α and leukocytes-endothelium interaction is increased in the inflammatory area.
However, after gastric ulcer was induced by administration of 20 % acetic acid IL-10 level was reduced on day 1, but elevated spontaneously on day 8 as compared to the control groups (Figure 3 ). This might be due to the fact that when the gastric mucosa was damaged by acetic acid, T and B lymphoctyes in submucosal beneath the damaged area that typically produce basal level of IL-10 were also damaged. The location of macrophages was actually beyond the damaged area, therefore, the macrophages were then survived. The survived macrophages are able to stim-ulate the release of TNF-α in response to acetic acid injury. Therefore, our findings suggest that TNF-α is synthesized more than IL-10. When inflammation occurs, IL-10 is synthesized. The increment of IL-10 level reduces gastric inflammation through its feedback inhibition of TNF-α production. Therefore, IL-10 is spontaneously elevated in chronic gastric inflammation. The elevation of IL-10 then reduces gastric tissue inflammation simultaneously.
Aloe vera and sucralfate could reduce leukocyte adherence after gastric ulcer was induced by 20 % acetic acid. It has been reported that Aloe vera can decrease carrageenan-induced edema and neutrophil migration in rats [36] . In addition, Aloe vera has antiinflammatory effect on burn wounds by reducing leukocyte adhesion in rats [37, 38] . On the other hand, Aloe vera is able to inhibit prostaglandin F2α (PGF2α) and thromboxane B2 production in guinea pig with burn wounds [39] . Thromboxanes and prostaglandins (PGs) can elicit platelet aggregation, leukocyte adherence and vasoconstriction, thus enhancing ischemia. Moreover, Aloe vera possesses bradykininase activity and also decreases inflammation [9] . Bradykinin causes increase in vascular permeability and stimulates inflammation [40] . Therefore, these effects of Aloe vera might reduce the causes of inflammatory process, the effects and leukocyte adherence after gastric ulcer is induced by 20% acetic acid.
Aloe vera and sucralfate could reduce TNF-α level on days 1 and 8 after induction of gastric ulcer (Figure 2) . Aloe vera has cytoprotective effect on gastric mucosa by stimulating endogenous prostaglandins production [20] . Sucralfate is a cytoprotective drug which also stimulates PG production. Prostaglandins (PGs), especially prostaglandin E2 (PGE2) can protect gastric mucosa from various irritants, promote mucus production and increase mucosal blood flow [41] [42] [43] . It was reported that PGE2 plays a role in modulating TNF-α production and is also a potent inhibitor of neutrophil adherence and chemotaxis [44] . Ding et al [45] reported that PGE2 inhibits TNF-α release in gastric mucosa and reduces in neutrophil activation and subsequently ischemia and mucosal damage. They also showed that inhibition of TNF-α by PGE2 could result in the reduction of neutrophil CD11b/CD18 and endothelial ICAM-1 expression directly or indirectly, thus subsequently reducing neutrophil adhesion on vascular wall.
In our study, Aloe vera and sucralfate could elevate IL-10 level on days 1 and 8 after induction of gastric ulcer. IL-10 is an anti-inflammatory cytokine produced by various cells including monocytes/macrophages and T lymphocyte. IL-10 can inhibit cytokine synthesis by macrophages [46] . In a P <0.05 vs control group, b P <0.05 vs ulcer groups www.wjgnet.com
Eamlamnam K et al. Aloe vera on gastric microcirculation and gastric ulcer addition, the mild anti-inflammatory effects of IL-10 may be due to the suppression of TNF-α production [47] . Bodger et al [48] showed that mucosal secretion of IL-10 and TNF-α is increased in H pylori gastritis. IL-10 may be protective and can limit tissue damage caused by inflammation. Therefore, elevation of IL-10 can down-regulate TNF-α production in macrophage.
Aloe vera and sucralfate could reduce inflammation and promote gastric ulcer healing, which has been confirmed by histopathological examinations. Aloe vera and sucralfate promote epithelial cell proliferation, elongation and dilatation of oxyntic grand. Aloe vera and sucralfate have a cytoprotective effect on gastric mucosa by stimulating PGE2 production. PGE2 plays an important role in the maintenance of mucosal integrity and mucus production. It was reported that Aloe vera could promote burn wound healing in rats [37, 38, 49] . In addition, Aloe vera could induce angiogenesis in vivo [5] , which plays an important role in wound healing. Aloe vera can result in reduced vasoconstriction and improve perfusion of gastric mucosal capillaries, thus promoting ulcer healing [13, 50, 51] . Furthermore, gastric acid is considered as an important aggressive factor in the stomach and is known to produce gastric injury [52] . Aloe vera is able to decrease gastric acid secretion and increase mucus secretion [53] . The mechanism of Aloe vera could be explained by its action on inflammation and ulcer healing. The results of this study suggest that Aloe vera could decrease leukocyte adherence and TNF-α levels in inflammatory tissue. Our findings demonstrate that Aloe vera could act as an antiinflammatory agent on gastric ulcer. Our findings also indicate that ulcer healing effect of Aloe vera is mediated by increasing IL-10, an important cytokine for wound healing process.
In conclusion, Aloe vera acts on inflammation and promotes ulcer healing. Aloe vera might be used as a therapeutic agent for gastric ulcer patients.
